Divercin V41 is a new bacteriocin produced by Carnobacterium divergens V41, a lactic acid bacterium isolated from fish viscera. The amino acid sequence of divercin V41 showed high homologies with pediocin PA-1 and enterocin A. Two disulphide bonds were present in the hydrophilic N-terminal domain and in the highly variable hydrophobic C-terminal domain, respectively. A DNA probe designed from the N-terminal sequence of the purified peptide was used t o locate the structural gene of divercin V41. A 6 kb chromosomal fragment containing the divercin V41 structural gene (dvnA) was cloned and sequenced. The results indicate that divercin V41 is synthesized as a pre-bacteriocin of 66 amino acids. The 23-residue N-terminal extension is cleaved off t o yield the mature 43-amino-acid divercin V41. In addition, the fragment encodes putative proteins commonly found within bacteriocin operons, including an ATPdependent transporter, two immunity-like proteins and the two components of a lantibiotic-type signal-transducing system. The genetic organization of the fragment suggested important gene rearrangements.
INTRODUCTION
Lactic acid bacteria (LAB) are extensively used in fermented foods not only to improve their flavour and texture, but also to extend their shelf-life. Many LAB are capable of inhibiting growth of some Gram-positive bacteria and pathogenic species such as Listeria monocytogenes, by secreting different antimicrobial com-includes sakacin A and P produced by Lacto6acillus sakei (Holck et al., 1992; Tichaczek et al., 1992) , leucocin A-UAL 187 produced by Leuconostoc gelidum UAL187 , mesentericin Y 105 produced by Leuconostoc mesenteroides Y 105 (Hkchard et al., 1992) , carnobacteriocins BM1, B2 and piscicocin Vla produced by Carnobacterium piscicola (Quadri et al., 1994; Bhugaloo-Vial et al., 1996) and enterocin A produced by Enterococcus faecium (Aymerich et al., 1996) . These peptides share structural homologies and are composed of a conserved N-terminal hydrophilic domain and a highly variable C-terminal hydrophobic domain. Based on recent studies with nisin, pediocin PA-1 and lactococcin A, these peptides act by pore formation in the cytoplasmic membrane and consecutive dissipation of protonmotive force (van Belkum et al., 1991 ; Bruno & Montville, 1993) .
Analysis of the genetic determinants of several class IIa bacteriocins revealed that genes involved in production, transport of the bacteriocin and immunity are organized in one or two operon-like structures. Pediocin PA-1, lactococcin A, sakacin A and sakacin P operons possess at least two genes that encode proteins homologous to ABC-transporters and accessory proteins probably involved in the transport of class IIa bacteriocins (Marugg et al., 1992; Stoddard et al., 1992; Axelsson & Holck, 1995; Huhne et al., 1996) .
As only a limited number of anti-listeria bacteriocins from fish LAB had been described, Pilet et al. (1995) looked for such substances. They isolated two producer strains from fish, namely C. piscicola V1 and Carnobacterium divergens V41. C. piscicola V1 produces two distinct anti-Listeria bacteriocins, piscicocin Vla and piscicocin V l b (Bhugaloo-Vial et al., 1996) . Here we report on the purification and biochemical and genetic characterization of divercin V41, a new class IIa bacteriocin produced by C. divergens V41.
METHODS
Bacterial strains and media. The bacteriocin producer C. divergens V41 was isolated from fish viscera (Pilet et al., 1995) . In the assay for bacteriocin activity, C. piscicola NCDO 2762 (Pilet et al., 1995) was used as indicator strain. Carnobacteria were grown in Elliker broth (Biokar Diagnostics). Escherichia coli DHSa (Gibco-BRL) was propagated in LB broth or on agar (15 g 1-l) at 37 "C (Sambrook et al., 1989). Ampicillin, erythromycin, IPTG and X-Gal were used at concentrations of 100, 150, 80 and 80 pg ml-', respectively. All the strains were stored as frozen stocks at -20 "C in media containing 15% (v/v) glycerol.
Bacteriocin production and assay. C. divergens V41 was inoculated (2 YO, v/v) in Tween-deficient MRS broth (prepared from basal ingredients; De Man et al., 1960) and grown at 20 "C for 42 h. Culture pH was maintained at 6.5 using 6 M NaOH as neutralizer. After centrifugation (30 min, 12000 g), active supernatant was filtered successively through 0.8 and 0.22 pm pore-size filters and treated for 10 min at 100 OC to inactivate proteases. Active supernatants were stored at -20 "C. Bacteriocin activity was assayed as described previously by spot-on-lawn inhibition tests and expressed in arbitrary activity units (AU) (Pilet et al., 1995) .
Purification of divercin V41
Ammonium sulphate precipitation. Cell-free supernatants were treated with ammonium sulphate at SO O/o (w/v) saturation. The mixture was stirred at 4 "C for 4 h and centrifuged (1 h, 20000g) . The pellets were dispersed in 25 mM ammonium acetate buffer at pH 6.5. Protein content was determined as described by Scopes (1988) .
Purification by reversed-phase chromatography. The ammonium precipitate was loaded on a C,, Sep-Pack reversed-phase cartridge (Waters Millipore) and washed with 40% (v/v) 2-propanol in 25 mM ammonium acetate, pH 6-5. The bacteriocin was eluted using 60% (v/v) 2-propanol in the same buffer. After drying under vacuum (Speed-Vac; Savant), bacteriocin-containing fractions were diluted in 0.1 O/ O trifluoroacetic acid (TFA). Since this treatment did not allow complete dissolution of the extract, the insoluble material was pelleted by centrifugation (5 min, 11 500 g ) . The resulting pellet was dissolved in 0.1% TFA containing 6 M urea and this extract was used further for final purification by the C,, reversed-phase HPLC system (LDC CM4000; Milton Roy). Active fractions (200 pl) were loaded on a C,, Nucleosyl column (250 x 4.6 mm). Elution was performed at a flow rate of 1 ml min-' using a linear gradient from 100% solvent A (0*1O/0, v/v, TFA) to 100% solvent B (90% acetonitrile in 0.1% TFA, v/v) within 55 min. Peptide fractions were detected spectrophotometrically by measuring the A,,, (LDC Analytical) and collected manually. The fractions were dried under reduced pressure, dissolved in 1 ml deionized water and assayed for both bacteriocin activity and protein content.
Amino acid sequencing, enzymic cleavage and MS of divercin V41. Amino acid sequencing was performed by Edman degradation on an automatic sequencer (model 477 ; Applied Biosystems). Cysteine residues were identified after reduction and alkylation using 4-vinylpyridine. Cleavage of divercin V41 by Asp-N (Boehringer Mannheim) was performed in 50 mM Tris/HCl (pH 8) for 14 h at 30 "C using 1/50 (w/w) enzyme to substrate. The hydrolysis product was applied on a reversed-phase C,, column (Merck RP18) and the resulting peptides were separated using a gradient of 100 ' / o solvent A to 50 ' / o solvent B (v/v) within 50 min. The amino acid sequence of the two isolated peptides was obtained as described above.
Mass measurement was performed using electrospray MS on a VG Bio-Q quadrupole with a mass range of 4000 Da (BioTech) in the positive mode. The peptide was dissolved in H,O/CH,CN (SO/SO, v/v); 10 pl aliquots were then introduced into the ion source at a flow rate of 4 p1 min-'. Scanning was performed from m/z 500 to m/z 1500 in 10 s with the resolution adjusted so that the peak at m/z 998 from horseheart myoglobin was 1-5-2 wide on the base. Calibration was performed using the multiply charged ions produced by separate introduction of horse-heart myoglobin (16 954.4 Da) (Jaquinod et al., 1993) .
DNA methodologies.
Plasmids from E. coli and LAB were extracted and purified as previously described by Sambrook et al. (1989) and Muriana & Klaenhammer (1987) (Sanger et al., 1977) , was done with the Auto-read sequencing kit (Pharmacia) using either standard or specific primers with an automated DNA sequencer (ALF, Pharmacia). DNA or protein homology searches (GenBank, EMBL and SWISS-PROT) and sequence analysis were performed with the programs of the GCG sequence analysis software package (University of Wisconsin).
PCR. T o verify the dvnTlldvnT2 gene fusion, this region was amplified by PCR using primers DVNDl, 5'-AGA-TGA-GGT-GAC-AAG-CC-3', and DVND2, 5'-GCA-TCT-AAT-TTT-GGA-GAC-C-3', deduced from the pRID6 nucleotide sequence. Amplifications were carried out with T a q DNA polymerase (Perkin Elmer-Cetus) according to the supplier's recommendations and using the Gene Ataq thermocycler (Pharmacia) under the following conditions : 35 cycles of denaturation at 94 "C for 10 s, annealing at 48 "C for 10 s and elongation at 72 "C for 20s; and one further cycle of elongation at 72 "C fm 2 min.
RESULTS

Purification of divercin V41
C. divergens V41 was grown t o stationary phase in Tween-deficient MRS broth at 20 "C under controlled p H conditions to allow the production of the bacteriocin. Ammonium sulphate precipitation, a t 50 YO saturation, of the cell-free culture supernatant removed 98 % of the contaminating proteins (Table 1) . After this treatment, total inhibitory activity recovered in the pellet increased by 122-fold. Further purification of divercin V41 using c 1 8 Sep-Pack cartridges provided a n extract which could n o t be entirely solubilized in 0.1 O/O TFA. Treatment of the insoluble material with 0.1 70 TFA/6 M urea successfully solubilized the remaining peptide material. The recovered activity of divercin V41 again dramatically increased by lo4-fold upon this purification step, while a n additional 99% of contaminating proteins were eliminated (Table 1) . Final purification of divercin V41 w a s achieved by submitting the urea/TFA-solubilized fraction t o reversed-phase c 1 8 HPLC. The elution profile monitored a t 220 n m revealed a single absorbency peak eluting with 45 % acetonitrile ( Fig. 1 ) a n d correlating bactericidal activity as determined by spot-on-lawn inhibition tests against C. piscicola NCDO 2762 (not shown). The specific activity of the purified divercin V41 w a s therefore calculated t o be about 3.3 x 1013 AU mg-l.
Amino acid sequence of divercin V41
Amino acid sequencing of divercin V41 enabled determination of the first 20 amino acid residues, including t w o blank cycles, a n d identified a n aspartic acid residue a t position 18. The enzymic cleavage of divercin V41
with Asp-N endoproteinase yielded t w o peptides (pep- I. Culture supernatant (20) 445.4
IV. C,, reversed-phase HPLC (0.5) t Bacteriocin total activity (AU) was determined against C. piscicola NCDO 2762 as described by Pilet et al. (1995) .
A. METIVIER a n d OTHERS
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Asp-N I peptide 171118 Asp-N z peptide tides Asp-N, and Asp-N,) (Fig. 2) that were separated on a reversed-phase C,, column. Sequencing of the Asp-N, peptide (17 residues) confirmed the N-terminal sequence of divercin V41. Sequencing of the Asp-N, peptide (26 residues) confirmed the amino acid residues in positions 18,19 and 20 and completed the sequence of divercin V41 (Fig. 2) . Two additional blank cycles were encountered in the sequencing of Asp-N,.
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The amino acid composition of the purified peptide (data not shown) revealed the presence of four cysteines in the primary structure of divercin V41. Thus, it was likely that the four blank cycles obtained in the sequencing of Asp-N, and Asp-N, peptides corresponded to cysteine residues. To verify this hypothesis, reduction and alkylation of the bacteriocin with 4-vinylpyridine was performed, and this led to the identification of four alkylated cysteine residues in positions 10, 1.5, 25 and 43. Conclusively, the sequence of divercin V41 corresponded to a 43-amino-acid peptide with a calculated molecular mass of 4513 Da. Ionspray MS gave a molecular mass of 4509 Da for divercin V41, suggesting the presence of two disulphide bonds within the purified bacteriocin. Because the enzymic cleavage provides the two peptides Asp-N, and Asp-N, under non-reducing conditions, the disulphide bonds must be internal to each of the Asp-N peptides. Therefore, the cysteine bridges in divercin V41 were assigned to Cys,,-Cys,, and Cys,,-Cys,, (Fig. 2) .
Cloning of the divercin V41 locus
A degenerate 23-mer oligonucleotide, termed Pdvn GGC/G/T/A-GTC/G/T/A-TA), was designed according to the amino acid sequence of the purified divercin V41 and used as a probe in Southern blot hybridizations. On plasmid extracts, these analyses revealed a hybridization signal with contaminant chromosomal DNA but did not reveal any plasmid band (not shown). Thus, the divercin V41 structural gene was likely to be chromosomally encoded.
With total DNA extracted from C. divergens V41 and digested with EcoRI, Hind111 and EcoRV, hybridizations revealed fragments of approximately 6.0,4*0 and 3.9 kb, respectively. A restricted genomic library was generated in E. coli DHSa by ligating EcoRI restriction fragments of about 6.0 kb, generated from C. divergens V41 DNA, into the EcoRI-linearized pBluescript I1 KS( + ) cloning vector (Stratagene). The library was then screened with the labelled Pdvn probe and a clone containing the plasmid pRID6 was isolated. The plasmid pRID6 was found to contain a 6.0 kb EcoRI fragment and the presence of the divercin V41 structural gene was demonstrated by nucleotide sequence analysis.
(5' AAG/A-TACIT-TACIT-GGC/G/T/A-AAC/T-
Nucleotide sequence analysis of the divercin V41 locus
The complete DNA sequence of the 6.0 kb EcoRI fragment was determined on pRID6 and analysed (Fig.  3) . Nucleotide sequence databases (EMBL, GenBank) did not display any sequence homologous to that of the divercin V41 locus. Sequence analysis revealed four complete ORFs, dvnA, dvnTl/T2, dvnl and dvnR, in addition to two truncated ORFs (orfA and dvnK) located on both sides of the cloned fragment. All of the ORFs were located on the same DNA strand and were preceded by a putative RBS with an appropriate spacing between the RBS and the initiation codon. The 5' end of dvnK slightly overlapped the end of dvnR. Further investigation of a large intergenic region located in- Divercin V41, a new class IIa bacteriocin between dvnZ and dvnR displayed an ORF lacking transcriptional and translational signals (Fig. 3) . Analysis of the protein deduced from this ORF revealed a high degree of identity with the C-terminus of ATP-dependent translocators of various bacteriocins. Two regions of dyad symmetry were found. One was downstream of dvnA with a calculated free energy (AGO) of -17.0 kcal (-71.4 kJ), representing a putative rhoindependent terminator. The second has a AGO of -13.7 kcal ( -57.5 kJ) and was located between dvnl and dvnR within a large non-coding region (positions 3641-4549). In addition, a duplicated sequence of 23 nucleotides (TTATNTTATGAATATNTATTAGT) was found on both sides of dvnTl / T 2 .
Deduced protein analyses
The first ORF (named orfA) encodes a putative truncated protein of at least 127 amino acid residues. Comparison of its sequence with those in the databases did not reveal any significant homology with previously described sequences. Analysis of this sequence revealed the presence of a hydrophobic C-terminal region that was predicted to form a transmembrane helix, thus suggesting that the protein was anchored within the cytoplasmic membrane.
The second ORF (designated dvnA) encodes a protein of 66 amino acids. Comparison of this sequence with the sequence of the mature divercin V41 showed that dvnA was the bacteriocin structural gene and that the bacteriocin was synthesized as a prepeptide consisting of a 43-residue C-terminal peptide matching the amino acid sequence of the purified divercin V41 and a 23-residue N-terminal extension. This defined the cleavage site for the N-terminal extension behind a glycine-glycine sequence.
The third ORF (designated dvnTl/T2) predicts a protein (DvnT) of 819 amino acids. The predicted DvnT consists of a large, mostly hydrophobic, core containing six putative transmembrane helices surrounded by two conserved domains. A 150-amino-acid N-terminal domain presents similarities to the N-terminus of ATPdependent transporters, especially the conserved cysteine and histidine motif described by Nes et al. (1996) .
The 270-amino-acid C-terminal domain contains the conserved A and B sites (Axelsson & Holck, 1995; Fremaux et af., 1995) , sequences involved in ATP binding and hydrolysis (Fath & Kolter, 1993) . Thus, searches for sequence homologies revealed that DvnT is an ATP-dependent transporter that belongs to the Hly family of membrane translocators (Higgins et al., 1986) .
Best similarity scores ranging from 49.9 to 64.5% were obtained with the ATP-dependent transporters PlnG, SapT, LcnC, MesD, LcaD, SppT and PedD, which are dedicated to the export of the following, respectively : plantaricin A (Diep et al., 1996) , sakacin A (Axelsson & Holck, 1995) , lactococcin A (Stoddard et al., 1992) , mesentericin Y105 (Fremaux et a/., 1995) , leucocin A (van Belkum & Stiles, 1995), sakacin P (Huhne et al., 1996) and pediocin PA-1 (Venema et al., 1995) . However, DvnT diverges from all these bacteriocin transporters at its C-terminus. Indeed, DvnT presented a 104-amino-acid extension. Careful analyses of the nucleotide region corresponding to the beginning of this extension revealed the presence of a start codon preceded at the appropriate distance by a typical RBS sequence. This suggested that dvnT1 / T 2 results from the fusion of two distinct ORFs hereafter designated dvnT1 and dvnT2. Since mutations and/or DNA rearrangements could occur during the various cloning steps and strain propagation, PCR was initially used to amplify chromosomal DNA extracts of C. divergens V41 and to clone the dvnT1 / T 2 fusion region. Several independent clones were sequenced and the initial sequence was confirmed. Database searches revealed similarities between DvnT2 (the protein deduced from dvnT2) and the carnobacteriocin BM1 immunity protein (Quadri et al., 1994) , suggesting therefore that DvnT2 is the divercin V41 immunity protein.
However, the fourth ORF (called d v d ) was found to encode a putative protein highly homologous to MesI, LcaB and ORF2-EntA7 the best score being obtained for ORF2-EntA (52.6 YO identity, 17.5 ' / o similarity). The involvement of MesI, LcaB and ORF2-EntA in the immunity to the bacteriocins mesentericin Y 105, leucocin A and enterocin A, respectively, has been unambiguously demonstrated (Fremaux et al., 1995 ; Aymerich et al., 1996) ; this suggests that DvnI is another divercin V41 immunity protein.
The protein deduced from the fifth ORF (designated dvnR) showed high similarity to SpaR (47% identity) and NisR (23%), two response regulators (RRs) involved in the regulation of the production of the lantibiotics subtilisin and nisin, respectively (Entian & de Vos, 1996) . Gene dvnR was closely associated in an operon-like structure with the sixth ORF (designated dvnK). The start codon of dvnK overlapped the last codons of dvnR. A similar genetic organization was observed for the subtilisin and nisin operons, in which spaK and nisK, respectively, encoded histidine protein kinases (HPKs). HPKs associated with their corresponding RRs constitute two-component signal-transducing systems (Hoch & Silhavy, 1995) . The protein deduced from dvnK (which probably extends over the EcoRI cloning site) was found to be poorly homologous to SpaK and NisK. However, in common with all of the HPKs, DvnK contained two putative membrane-spanning segments (positions 16-36 and 148-166) as well as a conserved histidine residue (position 241) corresponding to a functional site of phosphorylation. Thus, dunK is likely to encode an HPK.
DISCUSSION
Purification of divercin V41 from culture supernatant of C. divergens V41 was achieved using a procedure that included ammonium sulphate precipitation and reversed-phase chromatography. Unlike what has been observed for other bacteriocins, the purification of divercin V41 results in a phenomenal increase in the total amount of bacteriocin recovered. First, ammonium sulphate precipitation of divercin V41 led to a significant increase (122-fold) in the total bacteriocin activity. Although this phenomenon has already been observed with other bacteriocins (Muriana & Klaenhammer, 1991; Piard et al., 1992; Jimenez-Diaz et al., 1993) , it is still not explained. Possibly, some compounds inhibitory to the bacteriocin activity may be removed upon ammonium sulphate precipitation. Similarly, a dramatic increase (10 000-fold) of total recovered activity occurred following the second purification step. Interestingly, divercin V41 shows a propensity to form aggregating complexes after elution from Sep-Pack cartridges and dissociation of those aggregates required high amounts of urea. The dissociation of bacteriocin complexes may explain the very high final yield. This feature has also been reported for the purification of leucocin A (Hastings et al., 1991). The class IIa bacteriocins from LAB contain a highly conserved N-terminal hydrophilic domain and a highly variable hydrophobic domain (Fig. 4) . Divercin V41 shares the greatest homology with pediocin PA-1 and enterocin A, with the presence of four cysteine residues forming two disulphide bridges, whereas the others only have two cysteine residues. Although the exact structure-function relationship regarding the cysteine content of bacteriocins is not yet fully understood, it does appear that a higher number of cysteine residues correlates with a wider activity spectrum of bacteriocins. In addition, preliminary studies suggest that the thioester linkage in class IIa bacteriocins, containing more than one disulphide bridge, may be necessary for their antibacterial activity (Chikindas et al., 1993) . It is also interesting to note that divercin V41 has three tryptophan residues with two of these residues in the Nterminal conserved domain. As previously discussed, these residues could be important for insertion in membranes (Bhugaloo-Vial et al., 1996) . A 6.0 kb EcoRI restriction fragment from the chromosome of C. diuergens that contains the divercin V41 structural gene was cloned and analysed. The characterization of the dunA structural gene allowed us to identify a 23-residue extension at the N-terminus of divercin V41. This sequence is quite different from typical signal sequences since it is devoid of a core hydrophobic domain (von Heijne, 1990) . With the exception of divergicin A, produced by C. diuergens, which is synthesized along with a Sec-dependent signal sequence (Worobo et al., 1995) , the same kind of leader peptide has been found in most pre-bacteriocins (Jack et al., 1995) . Alignment of some leader peptides shows a high conservation in the hydrophobicity and charges of individual amino acid residues (data not shown). Hydrophobic residues are found at positions -4, -7, -12 and -15; hydrophilic residues are present at positions -8, -9 and -11, and a conserved processing site of two glycine residues is found at positions -2 and -1 (Hivarstein et al., 1994) . These features suggest the involvement of a dedicated secretion machinery for those bacteriocins. Dedicated secretion machineries for bacteriocins described so far are defined as ABCtransporters (Stoddard et al., 1992) and involve two distinct proteins, an ATP-dependent translocator and an accessory factor. Usually, these proteins are encoded within an operon closely associated with the bacteriocin genes (Nes et a f . , 1996) . Within the divercin V41 locus, dunT2 encodes a putative ATP-dependent translocator that may be involved in the transport of divercin V41. However, no gene encoding an accessory factor was found within the cloned fragment, suggesting that the genetic organization of the locus may be unusual. Several immunity proteins and immunity genes have been characterized (Nes et al., 1996) . These immunity proteins d o not usually share large homologies among each other and a bacteriocin always has a single immunity protein associated. In addition, in all cases, the bacteriocin gene precedes the immunity gene within a small operon. Such genetic organization seems to be common to all the class 11 bacteriocins (Nes et al., 1996) . However, a putative terminator was found downstream of dunA that is followed by dunT, a putative ATP-dependent translocator. Within the divercin V41 locus, the proteins deduced from dunT2 and dun1 resemble immunity proteins. Considering the 65.1 % identity existing between divercin V41 and enterocin A (Aymerich et al., 1996) and the similarity between DvnI and the putative Divercin V41, a new class IIa bacteriocin enterocin A immunity protein (65% identity), dvnZ is likely to encode the immunity to divercin V41. Thus, the observed genetic organization of the divercin V41 locus may result from the insertion of a DNA fragment that contains dvnT1 / T 2 in-between dvnA and d u d . Interestingly, nucleotide sequence analysis revealed the presence of a duplicated degenerate 23-mer sequence within the borders of dvnTl/T2, which supports this hypothesis. In addition, genetic rearrangements in bacteriocin loci have been previously suggested according to the presence of IS elements or transposons (Axelsson & Holck, 1995) . Also, the finding within the dvnZ/dvnR intergenic region of an ORF lacking transcriptional and translational signals, the deduced protein of which resembles an ATP-dependent translocator, suggests the presence within the divercin V41 locus of an ancestral ABC-transporter and supports the idea of an important DNA rearrangement of the locus. An increasing amount of experimental data suggests that the production of many bacteriocins results from environmental signals (Nes et al., 1996) . In most cases, the regulation of bacteriocin production is mediated by a classic twocomponent signal-transducing system constituted by an HPK and an RR. Located within the divercin V41 locus, dvnK and dvnR encode putative HPK and RR, respectively. Comparison of the genetic organization of the genes encoding HPK and RR revealed differences between lantibiotics and non-lantibiotic peptides. Indeed, in anti-listeria bacteriocin operons, the genes encoding the HPK are located upstream of the genes encoding the RR (Nes et al., 1996) , whereas in lantibiotic operons, the HPK genes follow and slightly overlap the RR genes. Consequently, the putative two-component signal-transducing system of the divercin V41 locus resembles that of lantibiotics although divercin V41 belongs to the non-lantibiotic bacteriocins. This again might reflect important genetic rearrangement of the chromosome of C. divergens V41, and possibly an ancestral production of a lantibiotic by this strain.
With regard to other class IIa bacteriocins, divercin V41 exhibits some specific features both in the primary structure of the peptide chain and in the genomic organization. Furthermore, with pediocin PA-1 and enterocin A, this is the third example of a class IIa bacteriocin containing two disulphide bonds. These structural and genetic originalities make divercin V41 a good model for structure-function studies on this class of bacteriocins.
